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(54) Linear compressor 

(57) It is an object of the present invention to provide 
a high-efficiency linear compressor in which even if a 
compression chamber is defined utilizing an inner space 
of the linear motor to reduce its size, an amount of heat 
transmitted from the linear motor to the compression 
chamber can be reduced by forming a space between 
the linear motor and a cylinder which defines the com- 
pression chamber. The linear compressor comprises a 
cylinder having a flange and a cylindrical portion sup- 



ported in a hermetic vessel by a support mechanism, a 
piston movably supported in the cylindrical portion along 
an axial direction thereof, a spring member applying an 
axial direction to the piston, and a linear motor having a 
stator fixed to the flange of the cylinder and disposed 
around an outer periphery of the cylindrical portion and 
a moving member coupled to the piston, wherein a 
space is formed between the stator and the cylindrical 
portion. 
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Description 

Background of the Invention 

(1) Field of the Invention 5 

[0001] The present invention relates to a linear com- 
pressor for reciprocating a piston fitted in a cylinder by 
a linear motor to draw in, compress and discharge gas. 

10 

(2) Description of the Prior Art 

[0002J In refrigeration cycle, HCFC refrigerants such 
as R22 are stable compound and decompose the ozone 
layer. In recent years, HFC refrigerants begin to be uti- 15 
lized as alternative refrigerants of HCFCs, but these 
HFC refrigerants have the nature for facilitating the glo- 
bal warming. Therefore, a study is started to employ HC 
refrigerants which do not decompose the ozone layer or 
largely affect the global warming. However, since this 20 
HC refrigerant is flammable, it is necessary to prevent 
explosion or ignition so as to ensure the safety. For this 
purpose, it s required to reduce the amount of refrigerant 
to be used as small as possible. On the other hand, the 
HC refrigerant itself does not have lubricity and is easily 25 
melted into lubricant. For these reason, when the HC 
refrigerant is used, an oilless or oil pure compressor is 
required. A linear compressor in which a load applied in 
a direction perpendicular to an axis of its piston is small 
and a sliding surface pressure is small is known as a 30 
compressor which can easily realize oilless as com- 
pared with a reciprocal type compressor, a rotary com- 
pressor and a scroll compressor. 
[0003] However, in the case of the linear compressor 
also, a sliding degree of the sliding surfaces between 35 
the cylinder and the piston affects the efficiency and du- 
rability of the linear compressor. Therefore, considera- 
bly complicated means is required for constituting an oil- 
less linear compressor. 

[0004] For example, U.S.P.59201 33 discloses a Stir- 40 
ling engine in which a pair of leaf springs are disposed 
on- opposite ends of a linear motor, and a piston is sli- 
dably supported by the leaf springs. With this structure, 
even if a force for inclining the piston is applied to the 
piston by magnetic attraction force generated by the lin- 45 
ear motor, the piston is less prone to be displaced in a 
diametrical direction thereof. 

[0005] However, this structure has a problem that 
since the piston is disposed outside the pair of spring 
members, a moving member constituting the linear mo* so 
tor becomes longer in its axial direction, and it is difficult 
to reduce the linear motor in size. 
[0006] On the other hand, in order to shorten the axial 
size, there is a linear motor in which a compression 
chamber is defined by disposing the spring member only 55 
on the opposite side of the compression chamber and 
utilizing an inner space of the linear motor. 
[0007] With this structure, however, since the piston 



is supported only the spring member on the opposite 
side of the compression chamber, a displacement of the 
piston in its diametrical direction is great, and a pressure 
on sliding surfaces of the piston and the cylinder is in- 
creased. Further, there is a problem that since the com- 
pression chamber is disposed in the vicinity of the linear 
motor, the compression chamber is prone to receive 
heat of the linear motor. 

[0008] In view of the above circumstances, it is an ob- 
ject of the present invention to provide a high-efficiency 
linear compressor in which even if a compression cham- 
ber is defined utilizing an inner space of the linear motor 
to reduce its size, an amount of heat transmitted from 
the linear motor to the compression chamber can be re- 
duced by forming a space between the linear motor and 
a cylinder which defines the compression chamber. 
[0009] Further, it is another object of the invention to 
provide a linear compressor in which even if magnetic 
attraction force generated by a linear motor is applied 
to the piston, a pressure on sliding surfaces of the piston 
and the cylinder is prevented from being increased and 
the linear compressor can be reduced in size by sup- 
porting opposite ends of the piston by spring members 
disposed on the opposite ends of the linear motor 
through a connecting member. 
[0010] To achieve the above objects, according to a 
first aspect of the present invention, there is provided a 
linear compressor comprising a cylinder having a flange 
and a cylindrical portion supported in a hermetic vessel 
by a support mechanism, a piston movably supported 
in the cylindrical portion along an axial direction thereof, 
a spring member applying an axial direction to the pis- 
ton, and a linear motor having a stator fixed to the flange 
of the cylinder and disposed around an outer periphery 
of the cylindrical portion and a moving member coupled 
to the piston, wherein a space is formed between the 
stator and the cylindrical portion. 
[001 1 ] With the first aspect, since the space is formed 
between the stator and the cylindrical portion, heat from 
the linear motor is less prone to be transmitted to the 
refrigerant in the compression chamber defined in the 
cylinder, heat-receiving loss of the linear compressor is 
reduced and its efficiency is enhanced. 
[001 2] According to a second aspect of the invention, 
in the linear compressor of the first aspect, the linear 
compressor further comprises a communication path 
which brings the space and outer peripheral regions of 
the cylinder and the linear motor. 
[0013] With the second aspect, since the refrigerant 
in the space causes convection without being deposit- 
ed, the heat-receiving loss is further reduced. 
[0014] According to a third aspect of the invention, in 
the linear compressor of the second aspect, the com- 
munication path is formed in the flange. With the third 
aspect, high-temperature refrigerant in the space can 
efficiently be discharged to the outer peripheral regions 
of the cylinder and the linear motor and thus, the heat- 
receiving loss can be reduced. 
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[0015] According to a fourth aspect of the invention, 
there is provided a linear compressor comprising a cyl- 
inder having a flange and a cylindrical portion supported 
in a hermetic vessel by a support mechanism, a piston 
movably supported in the cylindrical portion along an ax- 
ial direction thereof, a linear motor having a stator fixed 
to the flange of the cylinder and disposed around an out- 
er periphery of the cylindrical portion and a moving 
member coupled to the piston, and a pair of spring mem- 
bers respectively disposed in the vicinity of the opposite 
ends of the linear motor and applying axial forces to the 
piston, wherein a space is formed between the stator 
and the cylindrical portion, and a communication mem- 
ber for bringing the moving member and the spring 
member closer to the flange is disposed in the space. 
With this arrangement, the heat from the linear motor is 
less prone to be transmitted to the refrigerant in the com- 
pression chamber defined in the cylinder, and the linear 
compressor can be reduced in size as compared with 
that of the first embodiment. 

[0016] According to a fifth aspect of the invention, in 
the linear compressor of the first or fourth aspect, the 
spring member comprises a substantially C-shaped 
plate, the plate is disposed such that a distance between 
one end of the plate to a phantom center thereof is dif- 
ferent from a distance between the other end of the plate 
to the phantom center. When the spring members are 
press-formed, if the spring members are integrally 
formed into complicated shape, it is necessary to secure 
punching margins between the resilient portions. How- 
ever, by dividing the resilient portions of the spring mem- 
bers into the substantially C-shaped plates and combin- 
ing the plates, it is unnecessary to secure punching mar- 
gins between the resilient portions, and a width of each 
plate of the resilient portion can be increased corre- 
spondingly. With this design, it is possible to enhance 
the strength of the spring members. 
[0017] According to a sixth aspect of the invention, in 
the linear compressor of the fifth aspect, the plates are 
combined. By dividing the resilient portions of the spring 
members into the substantially C-shaped plates and 
combining the plates, it is unnecessary to secure punch- 
ing margins between the resilient portions, and a width 
of each plate of the resilient portion can be increased 
correspondingly. 

[001 8] , According to a seventh aspect of the invention, 
in the linear compressor of the fifth aspect, one end of 
the plate disposed closer to the phantom center is fixed 
to the moving member, and the other end of the plate is 
fixed to the stator. Therefore, a width of the resilient por- 
tion can be increased. 

[001 9] According to an eighth aspect of the invention, 
in the linear compressor of the fourth aspect, the spring 
members include a plurality of resilient portions spirally 
extending in a circumferential direction from a center, 
the pair of spring members are disposed and fixed such 
that extending directions of the resilient portions from 
the center are different from each other. With this ar- 



rangement, the directions of the diametrical displace- 
ment forces of the spring members do not coincide with 
each other, the diametrical displacement of the connect- 
ed spring members can be reduced and thus, the sliding 

5 surface pressure between the outer peripheral surface 
of the piston and the inner peripheral surface of the cyl- 
inder can further be reduced. Therefore, mechanical 
loss of the linear compressor is reduced, its efficiency 
is enhanced, and the reliability is also enhanced. 

w [0020] According to a ninth aspect of the invention, in 
the linear compressor of the fourth aspect, the connect- 
ing member is made of non-magnetic material. There- 
fore, even if the connecting member reciprocates in the 
leaking magnetic field in the vicinity of the linear motor, 

*5 iron loss such as eddy current is not generated, and this 
can contribute the enhancement of the efficiency of the 
linear compressor. 

[0021] According to a tenth aspect of the invention, in 
the linear compressor of the fourth aspect, the connect- 
20 ing member is provided with a plurality of slits along its 
moving direction. Therefore, even if the connecting 
member reciprocates in the leaking magnetic field in the 
vicinity of the linear motor, iron loss such as eddy current 
is not generated, and this can contribute the enhance- 
rs ment of the efficiency of the linear compressor. 

Brief Description of the Drawings 



[0022] 

30 

Fig.1 is a sectional view showing an entire structure 
of a linear compressor of an embodiment of the 
present invention; 

Fig.2 is a sectional view showing an entire structure 
35 of a linear compressor of another embodiment of 
the invention; 

Fig.3 is a side view of a connecting member of the 

embodiment of the invention; 

Fig.4 is a plan view of spring member of the embod- 

40 iment of the invention; 

Fig. 5 is a sectional view taken along a line A-A in 
Fig.4 showing an entire structure of a linear com- 
pressor according to another embodiment when the 
spring members shown in Fig.4 are replaced by a 

45 spring member 270 in an embodiment shown in Fig. 
1; 

Fig.6 is a sectional view taken along a line B-B in 
Fig.4 showing an entire structure of a linear com- 
pressor according to another embodiment when the 
50 spring members shown in Fig.4 are replaced by the 
spring member 270 in the embodiment shown in 
Fig.1; 

Fig.7 is a sectional view taken along a line A-A in 
Fig.4 showing an entire structure of a linear com- 
55 pressor according to another embodiment when the 
spring members shown in Fig.4 are replaced by 
spring members 440a and 440b in an embodiment 
shown in Fig.2; 
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Fig.8 is a sectional view taken along a line B-B in 
Fig.4 showing an entire structure of a linear com- 
pressor according to another embodiment when the 
spring members shown in Fig.4 are replaced by 
spring members 440a and 440b in an embodiment 5 
shown in Fig.2; and 

Figs.9 are views showing spring members and lay- 
out plans of the embodiment of the invention. 

Description of the Preferred Embodiments 10 

[0023] An embodiment of a linear compressor of the 
present invention will be explained based on the draw- 
ings below. 

[0024] Fig.1 is a sectional view showing an entire 15 
structure of the linear compressor of the embodiment of 
the present invention. 

[0025] First, the entire structure of the linear compres- 
sor of this embodiment will be explained. This linear 
compressor essentially comprises a cylinder 200 sup- 20 
ported by a support mechanism 292 in a hermetic vessel 
295, a piston 220 slidably supported along an axial di- 
rection of the cylinder 200, a spring member 270 for ap- 
plying an axial force to the piston 220, a linear motor 
240 having a stator 260 fixed to the cylinder 200 and a 
moving member 250 supported in a reciprocating path 
formed in the stator 260 such that the moving member 
250 can reciprocate, a rod-like member 230 connected 
to the piston 220, and a head cover 290 having a suction 
valve and a discharge valve for introducing and dis- 
charging refrigerant into and from a compression cham- 
ber 210 constituted by the cylinder 200 and the piston 
220. One end of the rod-like member 230 is connected 
to the spring member 270, and the moving member 250 
is also connected to the spring member 270. The piston 
220 is disposed in an inner space of the linear motor 
240 to form the compression chamber, thereby reducing 
the size of the linear compressor. 
[0026] The hermetic vessel 295 comprises a vessel 
for accommodating the essential constituent elements 
of the linear compressor. Refrigerant is supplied into this 
vessel from a suction tube (not shown) , and is intro- 
duced into a suction side of the head cover 290. The 
compressed refrigerant is discharged out from a dis- 
charge tube (not shown) which is in communication with 
outside of the hermetic vessel 295. 
[0027] The support mechanism 292 comprises a 
spring-support plate 294 fixed in the hermetic vessel 
295, and a plurality of coil springs 293 mounted on the 
spring-support plate 294 for supporting the cylinder 200. 
The coil springs 293 function to prevent vibration from 
being transmitted from the cylinder 200 to the hermetic 
vessel 295. 

[0028] The cylinder 200 includes a flange 201 having 
a flat surface. The coil springs 293 abut against one end 
of the flange 201 . The cylinder 200 is integrally formed 
with a cylinder portion 202 which projects toward the 
other end (upward as viewed in the drawings) from a 



center of the flange 201 . An inner peripheral surface of 
the cylinder portion 202 is formed with a slide surface 
200d against which the piston 220 abuts. 
[0029] The piston 220 comprises a cylindrical body sl- 
idably supported by the slide surface 200d of the cylin- 
der 200. 

[0030] The spring member 270 comprises a plate-like 
member. When a periphery of the plate-like member is 
fixed, a portion thereof from the periphery to the center 
thereof is resiliently deformed. 
[0031] The rod-like member 230 comprises a slim 
rod-like member, and one end thereof is connected to 
the piston 220 and the other end is fixed to the center 
of the spring member 270. This other end is connected 
to a detachable structure by a bolt 231 in this embodi- 
ment. 

[0032] The linear motor 240 comprises the moving 
member 250 and the stator 260. The stator 260 com- 
prises an inner yoke 261 and an outer yoke 262 . The 
inner yoke 261 comprises a cylindrical body which is dis- 
posed at a predetermined distance from an outer pe- 
riphery of the cylinder portion 202 of the cylinder 200 
and fixed to the flange 201 . With this arrangement, a 
space 280 is formed between the cylinder portion 202 
and the inner yoke 261 in a longitudinal direction of the 
cylinder 200. The flange 201 is formed with a commu- 
nication path which brings outer peripheral regions of 
the cylinder 200 and the linear motor 240 and the space 
280. A coil 241 is accommodated in the inner yoke 261 
and is connected to a power supply (not shown). On the 
other hand, the outer yoke 262 comprises a cylindrical 
body for covering the inner yoke 261 , and is fixed to the 
flange 201 of the cylinder 200. Incidentally, a reciprocat- 
ing path 242 having a small space is formed between 
the inner peripheral surface of the outer yoke 262 and 
the outer peripheral surface of the inner yoke 261 . Fur- 
ther, a peripheral side of the spring member 270 is sup- 
ported by and fixed to the outer yoke 262 in this embod- 
iment. 

[0033] The moving member 250 of the linear motor 
240 comprises a permanent magnet 251 and a cylindri- 
cal holding member 252 for holding the permanent mag- 
net 251 . This cylindrical holding member 252 is accom- 
modated in a reciprocating path 242 such that the hold- 
ing member 252 can reciprocate therein, and comprises 
a peripheral edge 252a for fixing the permanent magnet 
251 and a disc 252b which is integrally connected to the 
peripheral edge 252a. A center of the disc 252b is fixed 
to a center of the spring member 270. The permanent 
magnet 251 is disposed at a position opposed to the coil 
241 , and a fine gap is formed between the permanent 
magnet 251 and the coil 241 . The inner yoke 261 and 
the outer yoke 262 are disposed concentrically with 
each other so as to hold the fine gap over the entire cir- 
cumferential region uniformly. 

[0034] The head cover 290 is fixed to an end surface 
side of the flange 201 of the cylinder 200 through a valve 
plate 291. A suction valve (not shown), a discharge 
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valve (not shown) and the like which can be in commu- 
nication with the compression chamber 21 0 are assem- 
bled in the valve plate 291 , and these valves are con- 
nected to a suction-side space {not shown) and a dis- 
charge-side space (not shown) both provided in the 
head cover 290. 

[0035] Next, operation of the linear compressor of the 
above structure will be explained. First, if the coil 241 of 
the inner yoke 261 is energized, magnetic force which 
is proportional to the current is generated as thrust be- 
tween the moving member 250 and the permanent mag- 
net 251 in accordance with Fleming's left-hand rule. A 
driving force is applied to the moving member 250 for 
moving the moving member 250 in its axial direction by 
this generated thrust. Since the cylindrical holding mem- 
ber 252 of the moving member 250 is connected to the 
spring member 270 together with the rod-like member 
230, the piston 220 moves. The coil 241 .is energized 
with sine wave, and thrust in the normal direction and 
thrust in the reverse direction are alternately generated 
in the linear motor. By the alternately generated thrust 
in the normal and thrust in the reverse direction, the pis- 
ton 220 reciprocates. 

[0036] The refrigerant is introduced from the suction 
tube into the hermetic vessel 295. The refrigerant intro- 
duced into the hermetic vessel 295 enters the compres- 
sion chamber 210 from the suction-side space of the 
head cover 290 through the suction valve assembled 
into the valve plate 291 . Further, the refrigerant is com- 
pressed by the piston 220 and discharged out from the 
discharge tube through the discharge valve assembled 
into the valve plate 291 and the discharge-side space 
of the head cover 290. Furthermore, vibration of the cyl- 
inder 200 caused by a reciprocating motion is restrained 
by the coil springs 293. 

[0037] As explained above, according to the present 
embodiment, since the space 280 is formed between 
the inner yoke 261 forming the stator 260 of the linear 
motor 240 and the cylinder portion 202 of the cylinder 
200, heat from the linear motor 240 is less prone to be 
transmitted to the refrigerant in the compression cham- 
ber 210 defined in the cylinder 200, heat-receiving loss 
of the linear compressor is reduced and its efficiency is 
enhanced. Further, since a communication path 300 is 
provided in the flange 201 of the cylinder 200, the refrig- 
erant in the space 280 causes convection without being 
deposited, and the heat-receiving loss is further re- 
duced. 

[0038] Next, another embodiment of the present in- 
vention will be explained with reference to Fig.2. 
[0039] Fig.2 is a sectional view showing an entire 
structure of a linear compressor of another embodiment 
of the invention. The same members explained in the 
above embodiment are designated with the same num : 
bers, and explanation thereof is omitted. 
[0040] Spring members 440a and 440b comprise 
plate-like members. Peripheral edges of the spring 
members 440a and 440b are respectively supported by 



and fixed to a mount 450 (upper one in Fig.2) and a 
mount 460 (lower one in Fig.2) which are disposed on 
opposite side ends of the outer yoke 262 forming the 
linear motor 240. 
5 [0041] The inner yoke 261 forming the linear motor 
240 comprises a cylindrical body. The inner yoke 261 is 
separated from the cylinder portion 202 of the cylinder 
200 by a predetermined distance and fixed to the mount 
460. With this arrangement, a space 470 is formed in 
10 the longitudinal direction. Incidentally, the outer yoke 
262 comprises a cylindrical body covering the inner 
yoke 261, and is fixed to the mount 460. Incidentally, in 
order to form a uniform fine gap between the outer yoke 
262 and the inner yoke 261 , the outer yoke 262 and the 
15 inner yoke 261 are disposed concentrically with each 
other on the mount 460. 

[0042] The flange 201 of the cylinder 200 is fixed to 
and held by the mount 460. Further, the piston 220 com- 
prising a slidably supported cylindrical body is disposed 
in the inner peripheral portion of the cylinder portion 202. 
[0043] The connecting member 420 comprises a cy- 
lindrical member 420a accommodated in the space 470 
such that the rod-like member 230 can reciprocate 
therein. One end (upper end in Fig.2) of the connecting 
member 420 is connected and fixed to a spring member 
440a at a center portion thereof, and the other end (low- 
er end in Fig.2) of the connecting member 420 is formed 
with a flange 420b and an resiliently deformed end of 
the spring member 440b is fixed to the other end. The 
piston 220 is fixed to and supported by a center of a 
connecting member 420 through the rod-like member 
230. The moving member 250 of the linear motor 240 
and the connecting member 420 are connected and 
fixed to each other at their central portions. In this em- 
bodiment, material of the connecting member 420 is 
non-magnetic material such as aluminum and stainless 
steel. As shown in a side view of Fig.3, the connecting 
member 420 is provided with a plurality of slits 421 along 
a moving direction of the connecting member 420. 
[0044] As explained above, the connecting member 
420 connecting the spring members 440a and 440b re- 
spectively disposed in the vicinity of the opposite ends 
of the linear motor 240 connects and supports the piston 
220. Therefore, the opposite ends of the piston 220 are 
supported through the connecting member 420, and 
even if magnetic attraction force is applied to the piston 
220, the outer peripheral surface of the piston 220 is not 
pushed against the inner peripheral surface of the cyl- 
inder portion 202 of the cylinder 200, and the sliding sur- 
face pressure of the sliding surface is reduced. With this 
arrangement, mechanical loss of the linear compressor 
is reduced, and its efficiency is enhanced, and the reli- 
ability is also enhanced. Further, the longitudinal space 
470 is formed between the inner yoke 261 of the linear 
motor 240 and the cylinder portion 202 of the cylinder 
200, the connecting member 420 for connecting the 
spring member 440a and the spring member 440b with 
each other is accommodated in the space 470 and thus, 
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the compression chamber 210 can be formed utilizing 
the inner space of the linear motor 240. With this ar- 
rangement, the linear compressor can be reduced in 
size in addition to the effect of the first embodiment. 
[0045] Furthermore, since the connecting member 5 
420 is provided with the plurality of slits 421 as the non- 
magnetic materials, even if the connecting member 420 
reciprocates in the leaking magnetic field in the vicinity 
of the linear motor 240, iron loss such as eddy current 
is not generated, and this can contribute the enhance- 
ment of the efficiency of the linear compressor. 
[0046] Fig.4 is a plan view of a spring member of an- 
other embodiment of the present invention. 
[0047] The spring members shown of this embodi- 
ment comprise substantially C-shaped plates 500 and 
501 combined such as to spirally extend from a phantom 
center 0 in the circumferential direction. One of outer 
peripheral ends 500a and 501 a and one of inner periph- 
eral ends 500b and 501b are fixed to stators and the 
other ones are fixed to reciprocating members so that 
the plates 500 and 501 are resiliently deformed. 
[0048] When the spring members are press-formed, 
if the resilient members are integrally formed into com- 
plicated shape, it is necessary to secure punching mar- 
gins between the resilient portions. However, by dividing 
the resilient portions of the spring members into the sub- 
stantially C-shaped plates 500 and 501 and combining 
the plates, it is unnecessary to secure punching margins 
between the resilient portions, and a width of each plate 
of the resilient portion can be increased corresponding- 
ly. With this design, it is possible to enhance the strength 
of the spring members. 

[0049] Figs.5 and 6 are sectional views showing an 
entire structure of a linear compressor according to an- 
other embodiment in which the spring member shown 
in Fig.4 are replaced by the spring member 270 of the 
embodiment shown in Fig.1 . Fig.5 is the sectional view 
taken along a line A-A in Fig.4, and Fig.6 is the sectional 
view taken along a line B-B in Fig.4. 
[0050] Figs.7 and 8 are sectional views showing an 
entire structure of a linear compressor according to an- 
other embodiment in which the spring member shown 
in Fig.4 are replaced by the spring members 440a and 
440b of the embodiment shown in Fig.2. Fig.7 is the sec- 
tional view taken along a line A-A in Fig.4, and Fig.8 is 
the sectional view taken along a line B-B in Fig.4. 
[0051] The same members explained in the above 
embodiment are designated with the same numbers, 
and explanation thereof is omitted. 
[0052] Figs.9 are views of a spring member and its 
arrangement thereof according to another embodiment 
of the present invention. 

[0053] The spring member shown in Fig. 9 comprises 
a spring member 600a and a spring member 600b. The 
spring member comprises a spring member 600a and a 
spring member 600b. The spring member 600a includes 
resilient portions 601 a, 602a and 603a which spirally ex- 
tend in the circumferential direction. The spring member 



600a is fixed to one end 61 0a of a linear motor 61 0. The 
spring member 600b includes resilient portions 601b, 
602b and 603b which spirally extend in the circumfer- 
ential direction such that their extending directions from 
the center of the resilient portions do not coincide with 
each other. The spring member 600b is disposed on and 
fixed to the other end 610b. In this embodiment, the re- 
silient portions are disposed such that they are symmet- 
ric with each other with respect to a vertical axis. With 
this arrangement, directions of diametrically displace- 
ment forces of the spring members 600a and 600b do 
not coincide with each other, the diametrical displace- 
ment of the connected spring members 600a and 600b 
can be reduced and thus, the sliding surface pressure 
between the outer peripheral surface of the piston and 
the inner peripheral surface of the cylinder can further 
be reduced. Therefore, mechanical loss of the linear 
compressor is reduced, its efficiency is enhanced, and 
the reliability is also enhanced. 
[0054] The spring members of this embodiment can 
be applied to the structure of the linear compressor 
shown in Fig.2, but only one of the spring members 600a 
and 600b can also be applied to the structure of the lin- 
ear compressor shown in Fig.1 . 
[0055] According to the present invention, since the 
space is formed between the stator of the linear motor 
and the cylindrical portion of the cylinder, heat from the 
linear motor is less prone to be transmitted to the refrig- 
erant in the compression chamber defined in the cylin- 
der, the heat receiving loss of the linear compressor is 
reduced, and its efficiency is enhanced. 
[0056] According to the invention, since the commu- 
nication path is formed in the flange of the cylinder, the 
refrigerant causes convection without being deposited, 
and the heat-receiving loss is further reduced. 
[0057] Further, according to the invention, the con- 
necting member for connecting the spring members dis- 
posed in the vicinity of the opposite ends of the linear 
motor connects and supports the piston. Therefore, the 
opposite ends of the piston are supported through the 
connecting member, and even if magnetic attraction 
force is applied to the piston, the outer peripheral sur- 
face of the piston is not pushed against the inner periph- 
eral surface of the cylinder portion of the cylinder, and 
the sliding surface pressure of the sliding surface is re- 
duced. With this arrangement, mechanical loss of the 
linear compressor is reduced, and its efficiency is en- 
hanced, and the reliability is also enhanced. Further, the 
connecting member for connecting the spring members 
with each other is accommodated in the space formed 
between the stator of the linear motor and the cylindrical 
portion of the cylinder and thus, the compression cham- 
ber can be formed utilizing the inner space of the linear 
motor. With this arrangement, the linear compressor can 
further be reduced in size. 

[0058] Further, according to the present invention, by 
dividing the resilient portions of the spring members into 
the substantially C-shaped plates and combining the 
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plates such as to spirally extend from the phantom cent- 
er into the circumferential direction, it is unnecessary to 
secure punching margins between the resilient portions 
at the time of the press-forming, and a width of each 
plate of the resilient portion can be increase at the time 
of the press-forming correspondingly. With this design, 
it is possible to enhance the strength of the spring mem- 
bers. 

[0059] Further, according to the present invention, the 
spring members having the plurality of resilient portions 
extending spirally in the circumferential direction are dis- 
posed and fixed such that their extending directions 
from the center of the resilient portions are different. 
Therefore, the directions of the diametrical displace- 
ment forces of the spring members do not coincide with 
each other, the diametrical displacement of the connect- 
ed spring members can be reduced and thus, the sliding 
surface pressure between the outer peripheral surface 
of the piston and the inner peripheral surface of the cyl- 
inder can further be reduced. Therefore, mechanical 
loss of the linear compressor is reduced, its efficiency 
is enhanced, and the reliability is also enhanced. 
[0060] Further, according to the invention, since the 
connecting member is made of non-magnetic material 
or is provided with the plurality of slits, even if the con- 
necting member reciprocates in the leaking magnetic 
field in the vicinity of the linear motor, iron loss such as 
eddy current is not generated, and this can contribute 
the enhancement of the efficiency of the linear compres- 
sor. 



Claims 

1 . A linear compressor comprising a cylinder having a 
flange and a cylindrical portion supported in a her- 
metic vessel by a support mechanism, a piston 
movably supported in said cylindrical portion along 
an axial direction thereof, a spring member applying 
an axial direction to said piston, and a linear motor 
having a stator fixed to the flange of said cylinder 
and disposed around an outer periphery of said cy- 
lindrical portion and a moving member coupled to 
said piston, wherein a space is formed between 
said stator and said cylindrical portion. 



an axial direction thereof, a linear motor having a 
stator fixed to the flange of said cylinder and dis- 
posed around an outer periphery of said cylindrical 
portion and a moving member coupled to said pis- 

5 ton, and a pair of spring members respectively dis- 
posed in the vicinity of the opposite ends of said lin- 
ear motor and applying axial forces to said piston, 
wherein a space is formed between said stator and 
said cylindrical portion, and a communication mem- 

10 ber for bringing said moving member and the spring 
member closer to said flange is disposed in said 
space. 

5. A linear compressor according to claim 1 or 4, 
15 wherein said spring member comprises a substan- 
tially C-shaped plate, said plate is disposed such 
that a distance between one end of said plate to a 
phantom center thereof is different from a distance 
between the other end of said plate to said phantom 

20 center. 

6. A linear compressor according to claim 5, wherein 
said plates are combined. 

25 7. A linear compressor according to claim 5, wherein 
one end of said plate disposed closer to the phan- 
tom center is fixed to said moving member, and the 
other end of said plate is fixed to said stator. 

30 8. A linear compressor according to claim 4, wherein 
said spring members include a plurality of resilient 
portions spirally extending in a circumferential di- 
rection from a center, said pair of spring members 
are disposed and fixed such that extending direc- 
ts Hons of said resilient portions from the center are 
different from each other. 

9. A linear compressor according to claim 4, wherein 
said connecting member is made of non-magnetic 

40 material. 

10. A linear compressor according to claim 4, wherein 
said connecting member is provided with a plurality 
of slits along its moving direction. 

45 



2. A linear compressor according to claim 1 , further 
comprising a communication path which brings said 
space and outer peripheral regions of said cylinder 
and said linear motor. so 



3. A linear compressor according to claim 2, wherein 
said communication path is formed in said flange. 

4. A linear compressor comprising a cylinder having a 55 
flange and a cylindrical portion supported in a her- 
metic vessel by a support mechanism, a piston 
movably supported in said cylindrical portion along 



7 



EP1 167 765 A2 




8 



EP1 167 765 A2 



FIG.2 




9 



EP 1 167 765 A2 



FIG. 3 




10 



EP 1 167 765 A2 




EP1 167 765 A2 



FIG. 5 




12 



EP 1 167 765 A2 



FIG. 6 



500 




13 



EP1 167 765 A2 



FIG. 7 




14 



EP1 167 765 A2 



FIG. 8 




15 



EP1 167 765 A2 



FIG. 9 

(a) (b) (c) 




16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



